INTRODUCTION
Concerns have been raised about the health of children resulting from conceptions achieved with fertility therapy. 1 -8 Fertility therapies include the use of medications to induce ovulation (clomiphene and gonadotropins) and assisted reproductive techniques (ART) such as artificial insemination, intrauterine insemination, in vitro fertilization (IVF), and gamete intrafallopian transfer (GIFT). Women who require these treatments to achieve conception are much more likely than other women to have multifetal pregnancies (8-41% compared to 1% without fertility therapy). 1 -3 Twin pregnancy occurs in 19% to 34% of these women, triplets in 4% to 6%, and higher order in 0.8%. 2, 8 The rate of preterm delivery in pregnancies achieved with fertility therapy is approximately four times higher than that of pregnancies achieved without assistance. 6 -8 Much of this has been attributed to the increased proportion of multiple gestation pregnancies. Of significant concern is the overrepresentation of preterm infants and twins and triplets among children with long-term neurodevelopmental morbidity such as cerebral palsy. 9 -16 Neonatal brain injury with intraventricular hemorrhage (IVH) and periventricular white matter damage occurs much more commonly in premature infants than those born at term. 17 -19 Yet unknown is whether neurodevelopmental morbidity among premature infants is higher in infants conceived with fertility therapy than in those conceived without assistance.
OBJECTIVE:
To evaluate risks of cranial ultrasound abnormalities among very -lowbirth -weight ( VLBW ) infants conceived with fertility therapy ( ovulation induction only or with assisted reproductive techniques [ ART ] ) and of multiple gestation pregnancies.
STUDY DESIGN:
The incidences of cranial ultrasound abnormalities in 1473 VLBW infants conceived with and without fertility therapy and born of multiple versus singleton pregnancies were compared, using logistic regression models.
RESULTS:
Infants conceived with ART were less likely to have intraventricular hemorrhage ( IVH ). Twins and triplets had risks of cranial ultrasound abnormalities similar to those of singletons. Twins and triplets conceived with ART were at lower risk of IVH.
CONCLUSION:
VLBW infants conceived with ART do not appear to be at increased risk of cranial ultrasound abnormalities. Likewise, twins and triplets were not at increased risk of these abnormalities. Original Article
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This study explores cranial ultrasonographic findings in a population of premature very-low-birth-weight (VLBW) infants including IVH and abnormalities that reflect injury to the developing white matter of the brain deemed highly predictive of cerebral palsy and have been associated with learning problems and attention disorders. 20 -25 We compare the incidences of these sonographic abnormalities in those conceived with fertility therapy to their peers conceived without assistance. We also compare the incidences of these in multiple gestation infants and singletons.
MATERIALS AND METHODS Sample
The sample for this analysis consists of 1473 VLBW infants (500-1500 g) born to 1292 mothers at five participating hospitals between January 1991 and December 1993 for whom we collected information about parental fertility evaluation and assistance, and consensus reading of cranial ultrasound scans. Data on placental pathology were also available for 1057 of these infants. Approval from the institutional review boards of all participating hospitals was received and consent for participation in the study was obtained from all mothers.
Cranial Ultrasound Scans
Details about cranial ultrasound procedures have been presented previously. 26 -28 Routine cranial ultrasound scans were performed by qualified technicians using a high-frequency transducer (7.5 MHz) and preserved for further study assessment by hard copy. Studies were obtained once during the first 4 days of life (median day 1), between days 5 and 14 (median day 7) , and between days 15 and 60 (median day 22). Echodensity was defined as a hyperechoic image in the cerebral white matter not followed by the development of an echolucency. Echolucency was defined as a hypoechoic image in the cerebral white matter. IVH was noted if hemorrhage was noted to be present in the lateral ventricles. Hemorrhages confined to the germinal matrix were not included in the classification of IVH. Ventriculomegaly was defined as moderate/severe lateral ventricle enlargement according to a standardized template.
Each set of scans was read independently by two radiologists. If either reader identified IVH, moderate ventriculomegaly, or an area of abnormal echogenicity in the white matter parenchyma, then the entire set of scans was sent to a consensus committee consisting of at least three radiologists, each from a different institution. If all three radiologists did not agree on the reading, then scans were brought for a majority decision to a final consensus group. Use of this final consensus group was required in only 8% of all sets of scans.
Maternal Interview Data
Research assistants interviewed mothers before discharge or, when this was not possible, when the mothers returned to the hospital to visit their infants in the neonatal intensive care unit. Mothers were interviewed regarding their obstetrical history and prenatal care including whether they took any medicine or had any medical procedures performed to help them get pregnant. The reply options included: clomiphene, gonadotropins, estrogen, progesterone, thyroid hormone, artificial insemination, GIFT, and IVF.
For the purposes of analyses, fertility therapies were classified into three groups: no assistance, medication only, and ART. All women who received ART also received ovulation-inducing medications.
Placental Pathology
All placentas were examined according to a standardized protocol that was developed by pathologists at the participating institutions. 28 Findings were categorized as follows: factors related to in utero infection/inflammation (chorioamnionitis or the entity defined by acute umbilical vasculitis and/or chorionic vasculitis), and factors related to pregnancy-induced hypertension (maternal decidual arteriolar pathology, increased syncytial knots, and old infarcts). Information on mono-and dichorionic status was also collected.
Review of Potential Confounders
Additional data about pregnancy, labor and delivery, and neonatal course were collected via maternal interview and maternal and infant medical record review. The following factors were considered potential confounders of our understanding of the relationships among reproductive assistance, multifetal gestation, and cranial ultrasound abnormalities: gestational age (based on the following hierarchy: fetal ultrasound scan estimate obtained before the end of the 13th week of gestation, dates in the prenatal record or from maternal interview usually within 48 hours of delivery, and the neonatologist's examination on admission; gestational age refers to completed weeks), birth weight Z-score (the number of standard deviations the infant's birth weight is from the median for his or her gestational age; 29 growth restriction is defined as a birth weight Z-score À2), initiator of premature delivery (preterm labor, preterm prelabor rupture of membranes, pregnancy-induced hypertension, or other), antenatal corticosteroid receipt, antenatal antibiotic treatment, duration of labor, route of delivery, and placental indicators of inflammation and pregnancy-induced hypertension.
ANALYSES
Two null hypotheses were evaluated in this VLBW sample. First, infants born to mothers who received fertility therapy have the same risk of cranial ultrasound image abnormalities as do infants whose mothers did not receive such assistance. Second, infants of multifetal gestations have risks of cranial ultrasound image abnormalities that do not differ from those of singletons.
We first evaluated the relationships between potential confounders and the number of fetuses in this gestation, and between potential confounders and fertility therapy (Tables 2 and 3 ). We then explored the risk of cranial ultrasound abnormalities among infants classified by both fertility therapy and the number of fetuses (Tables 3 and 4) and by potential confounders (Table 5 ). Placenta pathology among Cranial Ultrasound Abnormalities infants was also classified by both fertility therapy and number of fetuses (Table 6 ). Finally, we created logistic regression models of the risk of each cranial ultrasound image abnormality as a function of the fertility therapy and the number of fetuses during the pregnancy, while controlling for potential confounders (Table 7) . Babies with echolucencies were classified as having echolucencies for the purposes of analysis regardless of whether they also had echodensities. Babies were classified as having echodensities for the purposes of analyses only if they had echodensities without echolucencies.
These models included the following potential confounders: gestational age ( <26 weeks), growth restriction (birth weight Zscore À2), maternal pregnancy-induced hypertension, route of delivery, receipt of any antenatal corticosteroid, maternal receipt of antenatal antibiotics, any labor, rupture of membranes more than 24 hours before delivery, placental characteristics (chorioamnionitis, acute umbilical vasculitis and/or chorionic vasculitis, maternal decidual arteriolar pathology, increased synctial knots, and old infarcts). A dummy variable was incorporated in the model for infants with missing placenta data. Because almost half the infants of multifetal gestations in our sample was born to women who did not receive conception assistance, we had the opportunity to distinguish multifetal associations from fertility therapy associations.
RESULTS
The mothers of 338 infants sought an infertility evaluation; the fathers of 218 also were evaluated for infertility. A total of 238 infants were delivered to 150 mothers who had received fertility assistance. Approximately one half of these women (74) received ovulationinducing medications only: clomiphene in 74% of the mothers and gonadotropins in 34%. The other half (76) received intervention with ART (artificial insemination, IVF, or GIFT) in addition to medication.
Of the 1473 VLBW infants in our sample, 238 were conceived with fertility assistance, 1235 without, and fully 28% (419) were products of a multifetal gestation. Twenty-three percent (95) comprised of triplets or greater (all triplets with the exception of one set of quadruplets) and the remaining 77% (324) comprised of twins (Table 1 , top panel). Twins and triplets were nine times more likely than singletons to have been born after conception assistance (44% vs 5%). The majority of triplet pregnancies (84%) were conceived with fertility assistance; of these, 71% were conceived with ART and 31% with medication only (Table 1 , bottom panel). Forty-one percent of the twin pregnancies in our sample were conceived with fertility assistance; of these, 36% with ART and 64% with medication only. Only 5% of singleton pregnancies followed fertility assistance.
Sociodemographic Factors
Although mothers who underwent fertility therapy were more likely to be over 34; mothers of triplets were not older than their peers. Mothers who conceived with some type of assistance and mothers who carried triplets were more likely than others to be white and less likely to have Medicaid insurance (Table 2) .
Obstetric Factors
No difference in obstetrical history of miscarriage was found between mothers with and without fertility assistance. Preterm delivery initiators were not significantly different in mothers who received fertility. Although nominal statistical significance was not Odds ratios are adjusted for potential confounders including: gestation age, birth weight Z -score À 2, Cesarean delivery, maternal pregnancy -induced hypertension, maternal treatment with antenatal corticosteroids, maternal treatment with antibiotics, any labor, membrane rupture >24 hours before delivery, evidence of placental infection, and placental findings consistent with pregnancy -induced hypertension. *Ovulation induction with clomiphene or gonadotropins. yART ( artificial insemination, IVF, or GIFT ) and medications. zThere were no echodensities among these infants. Cranial Ultrasound Abnormalities attained, pregnancies following fertility therapy were slightly more likely to be delivered following preterm labor. Twin and triplet preterm deliveries, however, were significantly more likely to follow preterm labor and less likely to follow pregnancy-induced hypertension. Mothers who received fertility therapy and those with multifetal gestations were more likely than others to have Cesarean deliveries. Fully 89% of all triplets were delivered by Cesarean section (Table 2) . Assisted conceptions with ART were more likely to have received antenatal glucocorticoids (71% vs 50%). Likewise, antenatal glucocorticoid administration was higher in triplet pregnancies than in twin or singleton pregnancies (68% vs 50%). Antenatal maternal antibiotic treatment was more common in singleton pregnancies than in multiple gestation pregnancies. There was no difference in the use of antenatal magnesium sulfate.
Neonatal Characteristics
Twins and triplets, as well as infants of mothers who underwent ART, were less likely than their peers to be in the youngest gestational age group. The median gestational age was 28 weeks for infants conceived without fertility assistance and 29 weeks for those conceived with either type of assistance. Growth restriction (birth weight Zscore À2) was least likely in infants whose mothers received ART (12% vs 17% and 23%) and in triplets (7% vs 17% and 18%). The occurrences of chronic lung disease and necrotizing enterocolitis were not different among groups. The mortality rate was slightly lower in the infants conceived with ART and of triplet gestations (Table 3) .
Cranial Ultrasound Results
All 1473 babies had at least one ultrasound scan. The first scan was available for 1368 babies, the second for 1255 babies, and the third for 1045 babies. Eight percent (125) of all infants had at least one sonographic expression of WMD, either echodensity or echolucency, seen on both coronal and sagittal views. Forty-three percent (54) had echodensity alone, 16% (20) had echolucency alone, and 40% (51) had both. For the purposes of our analyses, those with echolucency were classified as echolucency whether or not they also had echodensity. Echodensity was used to describe infants whose only white matter abnormality was echodensity, without echolucency. IVH was present in 18% of infants and 36% of these had ventriculomegaly. Of the 100 infants with ventriculomegaly, most (91%) had associated IVH. Of the 54 infants with echodensity alone, 38 (70%) had IVH. Of the 71 infants with echolucencies, 41(58%) had IVH (Tables 3 and 4) .
Infants whose mothers conceived with ART were at reduced risk of all cranial sonographic abnormalities. Infants conceived with pharmacological assistance only, however, had cranial ultrasound abnormalities at roughly comparable rates to those conceived with no fertility assistance (Tables 3 and 4) . By and large, twins were comparable to singletons in the risk of cranial ultrasound abnormalities. Triplets, on the other hand, were slightly less likely than others to have any ultrasound abnormality.
Among singletons, the risk of IVH was highest in unassisted conceptions and lowest in those from medically assisted pregnancies (Table 4) . However, the risk of echolucency in singletons was highest among medically assisted conceptions. Among twins, those from pregnancies with no fertility assistance or with medications only were at highest risk of IVH and those conceived with medications only were at highest risk of echodensity and ventriculomegaly. Among triplets, as well, those conceived with medical therapy appeared to be at higher risk of cranial ultrasound abnormalities.
Potential Confounders
Infants who had cranial ultrasound image abnormalities were much more likely than their peers to be of low gestational age and less likely to be growth-restricted. Infants with IVH and ventriculomegaly were more likely to have chronic lung disease. Infants were at reduced risk of all cranial ultrasound abnormalities if delivery occurred because of pregnancy-induced hypertension and at slightly increased risk of all ultrasound abnormalities if premature onset of labor or prolonged rupture of membranes preceded delivery. Also associated with reduced risk of all cranial ultrasound image abnormalities were abdominal delivery and maternal receipt of antenatal corticosteroids (Table 5) .
Placental Pathology Findings
The placentas of 72% (1057) of infants were available for pathologic evaluation. In the placentas of multiples, 21% were noted to be monochorionic; 95% of them were in pregnancies conceived without assistance, 2% in pregnancies conceived with medications only, and less than 2% in those conceived with ART. Only 1% of placentas of multiples was also monoamniotic. Pregnancies achieved with fertility therapy were less likely to be complicated by any acute chorioamnionitis (32% compared to 49%) and by the entity defined by chorionic vasculitis and/or umbilical vasculitis (19% vs 35%). These expressions of placental infection/inflammation were lower in twin and lowest in triplet pregnancies. Placental findings associated with pregnancy-induced hypertension (maternal decidual arteriolar pathology, syncytial knots, and old infarcts) were less frequent in the placentas of infants whose mothers had assisted conception and those of twins and triplets (Table 6 ).
Analysis Adjusting for Potential Confounders
In light of the results of univariate analyses (Tables 2, 3 , 5, and 6), we calculated odds ratios of cranial ultrasound images simultaneously for fertility treatment and multifetal gestation, while adjusting for the identified confounders. By and large, the number of fetuses in this gestation was not associated with increased risk of any cranial ultrasound abnormality (Table 7) . Infants whose mothers received ART assistance appear to be at reduced risk of IVH. Infants whose mothers received conception assistance with ovulationinducing medication only appear to be at slightly increased risk of echodensities and ventriculomegaly.
DISCUSSION
Our findings overall support the hypothesis that VLBW infants born to mothers who had received fertility therapy were at the same risk of cranial ultrasound abnormality as VLBW infants whose mothers had not received such assistance. However, infants conceived with ART appear to be at a reduced risk of IVH and infants conceived with the assistance of fertility medication only showed a trend for an increased risk of cerebral white matter abnormalities.
The reduced incidence of IVH in the ART group could be related to multiple factors. This group of infants tended to be of older gestational age than others in the sample. Low gestational age is the most important risk factor for IVH. Although gestational age was controlled for in our logistic regression models, it is a very powerful confounder and might not be adequately adjusted in our model. This population of infants was also more likely to be delivered by Cesarean section, more likely to have received antenatal steroids, less likely to have undergone a trial of labor, and less likely to have been exposed to in utero infection. Placental evidence of chorioamnionitis and pregnancy-induced hypertension were also lower in this group. The quality of prenatal obstetrical care in this very motivated population would be expected to be quite high.
For the infants conceived with the assistance of medication only, the increased risk of white matter echodensity just meets statistical significance, and that of ventriculomegaly does not quite reach statistical significance. These results are based on the abnormal cranial ultrasound findings of only six infants and we feel any conclusion based on such small numbers would be premature. Further investigation of larger numbers of VLBW infants is warranted.
The second hypothesis of this study was that VLBW infants of multifetal gestations had risks of cranial ultrasound abnormalities that were not different from those of singleton VLBW infants. Our findings also support this hypothesis.
In summary, although the risks of prematurity and multiple gestation are markedly increased with the use of ovulation-inducing medications and ART, when such infants are compared to infants of the same gestational age, the risk of neurodevelopmental morbidity (as predicted by cranial sonographic abnormalities) appears to be similar to that of singletons and infants conceived without assistance.
